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Abstract: The in vitro antibacterial activities of seaweed belong to Euchema denticulatum extract showed
mtubitory activity only on gram positive organisms tested mcluding Staphylococcus aureus and Streptococcus
pyogenes, which were expressed in terms of minimum inhibitory concentration and minimum bactericidal
concentration test. Thus, gram negative pathogens tested including Escherichia coli, Klebsiella pneumoniae
and Pseudomonas aeruginosa showed resistant phenotypic pattern to both extracts. Results of the present
study confirmed the potential use of seaweed extract as a source of antibacterial compounds.
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INTRODUCTION

The revolutionized therapy of infectious diseases by
the use of antimicrobial drugs has certain limitations due
to changing patterns of resistance n pathogens and side
effects they produced. These limitations demand for
improved pharmacokinetic properties, which necessitates
continued research for the search of new antimicrobial
compounds for the development of drugs. Seaweeds are
used in traditional remedies in many parts of the world.
The production of inhibitory substances by seaweed was
noted as early as n 1917. Since then, munerous studies
have been carried out to find and extract antimicrobial
compounds from marine algae of Euchetma denticulatun
(Burman) Collins and Harvey, belongs to the family
Solierieceae, order Gigartinales, class Florideophyceae,
division Rhodophyta. The former name was Hucheuma
spinosuwm and spinosum is still used as commercial and
trade name (Doty et al, 1987). E. denticulatum has a
multiaxial structure and is composed of many rigid
cylindrical branches narmrowing to acute tips. The
branches are usually densely covered with 1-8 mm long

spine-like branchlets. Hence, follows the old name
spinosum means bearer of spines. The spines may
elongate into branches. The species is parenchymatous
and a cross section of a branch reveals a dense core of
very small, thick walled, rthizoidal cells at the centre of the
medulla. E. denticulatum has, as most Fuchewna sp.,
small basal discs, only a few mm in diameter, for attaching
itself to the substrate. The morphology may vary as a
result of the enviromment m which, it grows. Brown,
reddish and green morphophytes are all common in
natural habitats and in cultivation (Fig. 1). The thalli of
commercial plants vary from 50-100 g imitial to about 1 kg
in weight when they are harvested But there have
been reported plants of 56 kg fresh weight (Doty and
Alvarez, 1973, Doty et al, 1987). Compounds from the
seaweeds have antibacterial actions and some of these
substances have potential use in mosquto control
Therefore, the present study is designed based on the
phenotypic assay and genomic approach for determining
antibacterial activity of E. denticulatum extracts. The
investigation could scientifically proof the natural
products to be potentially potent antibacterial agents.
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denficilanen wrpe of red marine algae that were
used in this stody

Fig. 1. Fiwrhema denficidatm.

MATERIALS AND METHOD 5

Bacterta sources: The bacteria used in this study
Staphylocoons . araws, Srepfococcis progeres,
Eschericlia  coli, Elebsiella  pewmonine and
Freuddomonas asruginosa were obtained from severa
hospitals in ialawsia. These isolates are represerded in
Table 1. &A1l of the isclates were provided in the form of
pure bacterial stock culture. Bacterial isolates were
maititaired at - 20°C in Liria B ertard broth (Tonvdtrogen Ine)
contairing 1 5% (vv™") glyceral.

Antibiotic susceptdhility testing: This antimicrobia
susceptibility testing was determined by the dise
diffusion method following the method recomimended by
the Clirical Laboratory Standard Institute (Formetly
known as NCCLE) (CLEIL 20050 In this study, only
Staphylococoes adrews isolates were determined for
antibiotic  susceptibility to  differentiate between
Methicillin Fesistard 5 aeres (MESA) and not-
tethicillin Resistart 5 corers (hon-WE3A) isolates. The
suspension of 5 auraus cultire was prepared ecuivalent
to the MacFarland standard 0.5 and was lawned onto the
Mueidler Hintotn agar (MW er ok, Germanyd) plate to produce
the bacteria field Seweral antibictic discs such as
perdcilling,  vancomycin,  erythromoyeit,  gertathycin
mupitocin atd methicillin (Difeo Laboratories, Detroit,
LI TUEA) wetre put onto the bacteria field The plate was
incubated a 37°C and the zone of inhibition is ohserved
after 24-42 h

Disc diffusion tesi: Whattan paper Mol filter paper was
used to thake sterile discs in order to soreen for the
attibacterial activty of Buchema demficidafm. This filter
paper was punctired tothe shape of comum ercial artibictic
dizc and dises were antoclaved at 121%C for 15 min. The
tethatiol extract of either B devficidafiom wras solubilized

Tabk 1: Soumce s of bacterda isolate s used & the shadye

Isolate Ho. Bacteris Ieolate Tdevdiyr Hospial
1 SR B LS MO STE 1 ThIC

4 S aumeus STR2 ThIC

3 e STE.5 ThIC

4 S aumeus STRET ThIC

5 e STE & ThIC

G S aumeus STE R ThIC

7 e STE.10 ThIC

o S aumeus H1 Fanartan
o e H2 Eanartan
10 5 aumeus Hz Fanartan
11 e H5 Fanartan
12 5 aumeus H& Fanartan
13 e H7 Fanartan
14 5 aumeus Ha Fanartan
15 e 2 MEri

1a S aumeus 4 M

17 e g MEri

12 5 aumeus 10 MEri

19 e 1o MEri

20 5 aumeus 12 MEri

21 e an MEri

22 S PO CLIS P CEERE 5 SRl Seremmbar
K Frehericia colf EC1 Bam Pahut
L Ele e B0 prasionovmne EFP1 Seremmbar
a5 F oL Fras SHLETHS 3 B4l TThIIC

in the 60% methannl. The suspension of bacteria oulture
was prepared according to the MacFatland standard 0.5
atid was lawned onto the Mueiller Hinton agar plate to
prodoce the bacteria fleld A sterile of punctured filter
papers was placed o the bactetia field by a sterile forcep
atid the solubdlized extract then was pipetted ot ordo the
surface of filter paper ot the bacteria field. Sivty percent
methanol was used as a negative control while the
cotmtmercial artibictic dises were used as a positive and
negative control. Finally, the plate was incubated a 37°C
atid the zone of inhikition is observed affer 2442 h

Minimal Inmhibitery Concentration Test (MIC) and
Minimal Bactericidal Concentration Test (MBC): The
sensitivity of bacteria to B deificulafiem methanol
extracts can be measured by using a tube dilution
techtrice, which determinesthe MIC ad MBC of seaweed
uged in this stady in vifro. These tests were done to
determine the lowest concentraton of either B
derficulafien extract, whete it can show the bactericidal
and bacteriostatic effect The test was petfomed in
Qé-wrell microtitre plates, so that several replicates of each
samtiple can be i All isolates were grown untd the
cotwcertrati o is ecpal to 0.5 MacFarland standard at 37°C
and dilded in Mueller Hinton Broth (MHE, Difco
Laboratoeies, Detroit, T34 supplemerte dwith 2% HaCl
(Thotsherty and MeDowgas, 1983) to a cotwcerutr ati o of
30 mg ml™' for B dewficulanm and serial two-fold
dilutions was made Then, the suspension of & arews
culbare waz added irdo the 96 well microtitre plates
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cortairing dlaed sample of B derficulahon extract
Finally, the 26 well microtitre plates cordairing diluted
sample of E deficulafen and bacteria was then
incubated overnd ght o 37°C with constant shaking o the
shalkeer. O the next day, the dilated sample of 5 o aus-
E devficulafn in the 96-well microtitre plates were
plated ot onto the Dlueiller-Hinton agar (MWercly
Germatyf) plate according to the concentration of either
E. devficidefum extract. The plate wasincubated at 37°C
for 24 hin the incubator. Finally, the mavber of bacteria
coloties devel oped on each agar plates was courded

RESULTS

Disc diffusion tesi: In this test, filter paper disc
impregnated  with  methanol  extract of Fuwhena
daficulaien similar clear intibition zone around discs are
geettin the ME3A (Fig. 2 and 3) and lawn of nonMESA
isolates(Fig 3 andd). Clear inhibiionzones are dso seen

Fig 2: Disc  musceptibility  testing  of Fuwhena
derficdaium on Saphyplococews aras (BTRI)L
Clear intdbition zone is seen around the filter paper
dise impregnated with extract Inhibition zone
around vancomyein disc (positive control) also is

SEEL

Fig 3: Disc of Fwhema

susceptibility  testing
derficidaium  on Sgplylococous  aras (200
Clear inhitition zofe 15 seety avonnd the filter paper
dige imptegnated with extract. Smoall inbibiti on z ore
around wancomieitn dise (positive control) also is
geen
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inisolates lawnedwith & progemes (Fig ). Plates lawned
with gram negative bacteria namely B coli (Fig. &), F
aerugnosa (Fig. 7 and K pewmmoniae (Fig 8) showed
no inhibition zote & ound discs The results of inhibition
and no inhibiticn zones represented for tests that were
performed brice.

Fig 4: Disc  susceptihility  testing  of Ewhena
derficulanmm o Saphylococos  @ras (HE).
Clear intibition zotie is seen arownd the filter paper
disc itmpr egnated with extract. Smoall irbibiti on zone
around vancomyoin disc (positive control) alsois
Se et

Fig 5:Disc  susceptibility  testing  of Ewhena
derficulafion on Sagplylococoes progenes. Clear
inhibition zotie is seen around the filter paper dise
impregnated with extract. Bmadl intihition zone
around pericillin disc (positive control) also is
seen

Certam: a0
mataro]
i septan
Fig 6: Disc  susceptibility  testing  of Hwhena

derficidafim o Escherichia coli Mo inhibition
zote 18 seenn around the filter paper disc
impregnated with extract. Only inhibition zone
around gentamyein dise (positive control) iz seen
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Fig 7:Disc  susceptibility  testing  of  Buchemo

denticulatum on Fseudomonas aeruginosa. Mo
inhibition zone is seen around the filter paper disc
impregnated with estract. Only inhibition zone
around gentarnycin and imipensm disc (positive
control) are seen

Fig & Disc  susceptibility  testing of  Fuchewa
denticulaim  on Elebsielle  pnewmonice. Mo
inhihition zone iz seen around the filter paper disc
impregnated with exdract. Only inhibition zone
around imipenem disc (positive control) is seen

Minimal Inhibitory Concentration Test BIIC) and
Minimal Bactericidal Concentration Test MEC):
Llinimal Inhibitory Concentration (WICY and hWlinimal
Bactericidal Concentration (WBC) detenmined based
on  the lowest Buchema denficulatim  estract
concentration reducing colomdal growth or ldlling all
bacteria cells. The WIC and MBC tested for £
denticulatira are for 2izolates of WE.SA and 2 isolates of
non-MESA. BMIC and WMBC of B denticudlatien extract
against 5 awreus showed the conpatison  between
the mumnbers of coloties growth in different concentration
of B derticuledur (Fig. 9 and 10) extracts. According to
the Tahle 1, methanol estract of B dewticulatn
showed strong  actiwity  irespective of MESA and
non-MESA  isolates, the MMIC and MWBC lewel for
E denticulatun extract are 20and 40 mg mL™ for ME.3A
isolates and 875 and 17.5 mg mL~ for non-ME3A
isolates, respectively.

10 mgmlL! Smgml !

Fig & MIC and WBC test for WESA isolate with
Buchewma denticulatim extract. The reducing of
colomdal growth of STES (MWESA) isolation in
different concentrations of B denticulatum
methanol extract

35 mgml.]

875 mzml

4.3 mzml”

Fig 10: MIC and MBC test for non MESA isolate with
Eucharna deviticulatum extract. The reducing of
colomal growth of N3 (non-MESA) isolation in
different concentrations of E denticulatum
methanol extract

DISCUSSION

seaweeds or algae are a eukaryolic organism
(MWichael et o, 2002) that lives in salty water in the ocean
and iz recognized as a potential sowrce of hiocactive
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natural products. They contain compounds ranging from
sterols, terpenoids to brominated phenolic, which show
bioactivity against microorgamsms (Wong ef al., 1994).
Polysaccharide derived from red algae was used widely
since the 19th cenhury as agar, a type of gelling agent
(Michael et al., 2002). Sulfated polysaccharides that
extracted from red algae has anticoagulant activities
(Caceres et al., 2000, Farias et al., 2000, Yamada et al.,
2000), anti-thrombotic activities and antiviral effects
against herpes simplex virus (Caceres et al., 2000) and
Human Immunodeficiency Virus (HIV) (Yamada ef al.,
2000). The main objective of this study, 18 to determine
the antibacterial activity of local seaweed from the
Malaysian’s ocean, FEuchema denticulatum against
Staphylococcus aureus, Escherichia coli, Streptococcus
pvogenes, Pseudomonas aeruginosa and Klebsiella
preumoniae. The activity of the seaweed’s methanol
extract will lead to a discovery of antimicrobial agents
derived from these natural products as an alternative to
substitute the existing antibiotic, which 1s already
resistant to the pathogens worldwide, especially in the
treatment of Methicillin-Resistant Staphylococcus aureus
(MRSA). The research approaches used m this study was
bioassays or preliminary screeming, which included the
screening of antibacterial activity through dise diffusion
test and minimal inhibitory concentration test. In the
present study, several signmificant findings were found
whereby the methanol extract of Euchema denticulatum,
exhibited the inhibitory activity against Staphvlococcus
aureus and Streptococcus pyogenes.

The inhibitory activities of both extracts were
indicated both in MRSA and non-MRSA 1solates tested.
The methanol extract of E. denticulatum exhibited more
mtense activity agamst MRSA and non-MRSA 1solates.
The current study revealed that the extract inhibited a
MRSA 1solate, STRY and a non-MR.SA 1solate, N8, with
zones of about 3 and 2 mm more than the inhibition zones
around the vancomycin disc, respectively. The isolate,
STRS, was also mntubited by the extract but with a smaller
mnhibition zene, which 1s 1 mm less than the zone around
the vancomycin disc. The extract can be considered
valuable as an alternative in the treatment of MRSA and
non-MRSA infection substituting penicillin, since this
extract inhibited both MRSA and non-MRSA with
inhibition zones of 6 and 1 mm more than the inhibition
zone developed around penicillin disc. In addition,
seaweed extracts also indicated significant inhibitory
activity against S. pyogenes 1solates. However, further
research on S. pyogenes isolates, was not performed,
since this cwrent study is focused on the inhibitory
activity of both extracts agamst S. aureus. Despite of the
significant activity of both seaweed extract agaimnst MRSA
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and non-MRSA isolates, not all bacteria respond equally
to the given extracts especially for gram negative isolates.
From the literature by Ballantine ef a/. (1987) and Reichelt
and Borowitzka (1984), the higher frequency of activity
against gram positive bacteria has been observed in most
of the surveys of antimicrobial activities from seaweeds if
compared with activity against gram negative bacteria.
Thus, this present study also showed the same
inhibitory pattern whereby the antibacterial activity of
E. denticulatum extracts were only observed in gram
positive and no inlubitory activity against
tested gram negative bacteria such as Escherichia coli,
Pseudomonas aeruginosa and Klebsiella preumoniae
were indicated. According to Michael e# al. (2002), there
15 several reasons why certain bacteria may develop

bacteria

resistant to certamn antimicrobial agents that may explain
the findings of the cwrent study on gram negative
bacteria. Absence of the target structure in the bacteria,
the ability of the bacteria to alter the structure of the
extracts to an inactive form and the genetic changes in the
bacteria could be some reasons for not inhibiting the
bacterial growth. Tn addition, the alteration may occur in
a metabolic pathway that the extracts will block, which
may contribute to the resistant phenotype of the bacteria
to both seaweeds extracts. In bacteria, the important
targets of antimicrobial action are the cell wall, the
cytoplasmic membrane, the biosynthetic processes of
protein synthesis and mucleic acid synthesis. The cell wall
combining with additional layers and outer membrane in
gram negative bacteria such as P. aeruginosa limits the
penetration of both extracts.

Sometimes, the bacteria may be modifying either one
of the targets so that the extracts cannot take action. In P.
aeruginosa, production of alginate slime may protect their
cells from therapeutic levels of antimicrobial agents.
However, even though the methanol extract of E.
denticulatum can be classified into the narrow spectrum
antimicrobial agents, which acts on only a single group of
orgamism, both extracts are still quite valuable for the
control of microorganisms especially, MRSA and
non-MRSA that fail to respond to available antibiotics. A
fundamental concept of in vitro susceptibility testing is
the measurement of Minimum Intlibitory Concentration
(MIC) and Minimal Bactericidal Concentration (MBC) of
Euchema denticulatum extract that exhibit their
antibacterial activity against Methicillin  Resistant
Staphyvlococcus aureus (MRSA) and non-Methicillin
Resistant Staphylococcus aureus (non-MRSA). Both
methods were chosen in order to point out if there might
be some significant difference between the lowest
concentration of both extracts required to inhibit growth
of 8. aureus and the lowest concentration at which both
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extracts can kill 99.9% of the initial 8. aureus inoculums.
These were indicated by an absence of visible turbidity of
the Mueiller-Hmton broth and an absence of bacterial
colonmes on the Mueller-Hinton agar. Since, the
bactericidal and bacteriostatic terminology originates from
either the antibacterial's mechanism is based on inhibiting
cell wall formation (bactericidal) or inhibiting bacterial
metabolism or ribosomal protemn synthesis (bacteriostatic)
(Zarakolu et al., 1999), the idea is that if cell wall formation
is blocked, the organisms will lyse and perish, but if
metabolism or protein synthesis 1s blocked, the organisms
merely slow down. While, this is true to some degree,
bactericidal or bacteriostatic outcomes are dependent on
the concentration of the antibacterial agent as well. A low
dose of a bactericidal antibacterial agent may only mhibit
bacterial growth, while a ligh dose of a bacteriostatic
antibacterial agent will be bactericidal. Additionally,
according to Zarakolu et al. (1999), organisms which are
not proliferating may not be significantly affected by
anti-cell wall antibiotics, in which case anti-ribosomal
antibiotics would be more effective.

Therefore, in this study, MIC would be taken as the
reference pomt for the study designations susceptible or
resistant, while MBC determinations would be more
certain for the prediction of susceptibility in the cases that
required bactericidal therapy rather than bacteriostatic
theraphy. MBC and MIC tests were done carefully since
1t 18 easy affected by the nature of the bacteria used, the
inoculums size and the composition of the culture
medium, the incubation time and the conditions of
mcubation, such as temperature, pH and aeration. In the
present study, the reading of MIC and MBC, wlich were
based on the number of colonies growing on the
Mueiller-Hinton agar 1s constant for both seaweeds after
repeated twice. The present study revealed that methanol
extract of E. denticulatum mnhibited or reduced the growth
of S. aureus isolates. Since, the mhibitory effect of E.
denticulatum extract to S. aureus isolates is greater if
compared to the mhibitory effect of G. changii extract to
S. aureus through the disc diffusion test.
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